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FHGIJLKJMONQPSRBTJLUVXWYTZ\[]R G []K^KJ`_aK^V;W G ZbREJBc
ZbK^V;dBJYeLcgfg[]RgRhJYJYeLcEWY[]RgRgVXZ\eeiVjREWYJYe
k Ul[BmlJYTn G JLUogV
p VBogoq[]UlTfgJUlJYW G JLUlW G JR
r]MjsBtBuvNxwEVBRByEZ\JLUz)tBtB{ONQMB|ogVXdjJYe
}~YL)5XB RE[X\JYfgdBJUlJLogUlJYeJLRjTiVXTZ[ER%e]eTJLK)Z\eK^VXfgJgo[X
g[BT G VbVBREd]gV;dBJT[UlJLogUlJYeJLRjT
 RE[X\JYfgdBJ
[XV2fg[]KVXZbRVBREfJY\_ fgJ`¡REJYfUlJLVXe[]REZbREd VXWYZ\\Z\TZ\JYe T[ZbRjJLUREJY  RE[¢HJYfgdjJ£Ul[EK  RE[¢R VXWYTeL¤
FHG Ze
ogVBoqJLUfgJLVX\e
Z\T G YeWY[jeJT[^ UVBK¥J`_agVXeJYfe]eTJLKeLcgT G V;T ZbREWYbEfgJ^fgJYeWLUlZboETZ\[]R¦[jdBZ\W§e]eTJLKe VBREf
[EEmaJYWYT¨_agVXeJYf%e]eTJLKeL¤PSR%T G JYeJeEeTJLKe)cT G JK^VXZbR©U¨JYªV;TZ\[]R%T G VXT\JLVXfge^T[!ZbRjJLUlJLREWYJYeZ\e«Y¬g­`«Y¬]®H¯°±>²B³5¤
´ RE[X\JYfgdBJTJLUKeVBU¨JfgJYeWLU¨ZªqJYfµT G Ul[]Ed G U¨[B\JYe^ G Z\W G UlJ`JLUT[!JYZ\T G JLU[BT G JLU  RE[X\JYfgdBJTJLUKe^[]U2f5VXTiV
TlgogJYeL¤¶nggEeigKoETZ\[]RqJYTl·JYJLR¥TJLUK+fgJYeWLUlZboETZ\[]REeZeEeigVX\\ZbRjTJLUogUlJYTJYfVXe1f5V;TiVeJYT1ZbREWYbEeZ\[]Rcg G JLUlJf5VXTiV
Z\eJYZ\T G JLUHV  RE[X\JYfgdBJ
TJLUK¸[]UVBRJY¹ETJLURgVXTJLUK#>ZbRjTJYdBJLUYcEeT`UlZbREd5cgJYTWB¤º»¤  \T G []Ed G e`gEeigK^oETZ\[]RqJYTaJYJLR
 RE[X\JYfgdBJTJLUKeZeH·JY\_ fgJ`¡REJYf3cZTe·ZbK^oE\JLKJLRjTiVXTZ[ER&[]R^JY¹ETJLURgV;5f5VXTiVOfgJLogJLREfge
gog[]RT G J G [BeTªVjREd]gVXdBJ
eZªREWYJT G JLUlJVBU¨J¥V;WYTigVX\\¼T G J^f5VXTiV&TlgogJYe
[XT G Jj¤  eV8WY[]REeJY½gEJLREWYJBc¶RE[ZeVBE\J^T[ZbRjTJYd]UVXTJ¥V
REJY+f5V;TiV&Tl¾oqJ8¨¿¢ÀÂÁ¾ÀOÃ¦V;TiUlZ\¹¾HeiEW G T G VXTZ\TeyXVXbEJYeWLVBR!qJ^eiV)JY\ZbRByj[B\yBJYfZbR!eigEeigKoETZ\[]RVBREf! gUlT G JLU
ZbRjJLUlJLREWYJYeL¤ FG Z\e^Z\e^T G JogUl[]E\JLKÄVXfgf5UlJYeeJYfZªR%T G Ze&ogVBogJLUY¤ FG JogUl[]oq[BeJYfe[jªETZ[ER%ZeT G JfgJYeZdER[XÅV
oq[B\¾K¥[]Uo G Z\WTl¾oqJ^eEeTJLK#WY[ERgREJYWYTJYf©T[¼g[jT G T G JVBREfT G J G [BeTbVBREdEgVXdBJB¤P£TZ\efgJYeZ\d]REJYf©e[T G VXT
Z\T^WLVjRJY¹ETJLREfT G J¼Z\T G VjRB%f5VXTiV!TlgogJZbK^oE\JLKJLRjTiVXTZ\[]RµV)y¢V;ZbVBE\J!ZbRT G J G [jeT^bVBREd]gVXdjJ©>\ZªgUVBUlBc
EeJLUS_ WY[]fgJYf5»¤Ã!JLVBRj G Z\JBcT G JyXVXbEJYe^[X T G JREJYf5VXT`VTlgogJ&dBJYTeiV)JY\©ZbRjyB[B\yBJYfZbR%T G JU¨JLVXe[]REZbREd
ogU¨[]WYJYeeJYeL¤ FG JÅogU¨JYeJLRBTJYfTlgogJeEeTJLK¸V)yB[BZ\fge1T G JHZªREWY[EK^oE\JYTJLREJYee[XeigEe`gK^oETZ\[]R&f5EJT[
Z\TeZªREWY[EK^oE\JYTJ
ogU¨[]WYJYeeZªREd&[]R&JY¹ETJLURgVXf5VXT`Vg¤
Æ8Ç]ÈÊÉaËÌ¢ÍBÏÎ EmaJYWYT¨_aÐ·V;eJYf ´ RE[X\JYfgdBJ p JLogUlJYeJLRBTiV;TZ\[]RcnggEe`gK^oETZ\[]RcÑVXTiV F gogJYeLc F gogJÒ G JYW  ZbREd5c
nggj_ TlgoEZbREd5¤
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ÇgÇ Re]eT IJLKJfgJUlJLogUEhJYeJLRBT`VXTZ\[]RfgJYe WY[]RgRgV;ZeeiVBREWYJYe^LJYeTWY[]REeTZT`1hJBcEfºgREJ§ogVjUlTfºgRbVBRj_
dEVXdBJog[EgUUlJLogUEhJYeJLRBTJLUJYTeTiUEWYTigUlJLUHJYeWY[]RgRgVXZ\ee`VBREWYJYe fgRfg[]K^V;ZªREJBcJYTLcgfVBETiUlJogVBU¨TLcgfgJ§ogU¨[]WYJYee`Ee fgJ
UVXZ\e[]RgREJLKJLRjT EZ\JLRf·hJ`¡REZ\e og[EgUæZbRj¢hJLUlJLREWYJ2fgJRE[]EyBJY\\JYe
WY[]RgRgVXZ\eeiVBREWYJYe IV^ogVBU¨TZbUfgJWYJY\\JYe
f·hJlm IVUlJLogUEhJYeJLRj_
TghJYJYeL¤ÒJ^UVBogoq[]UlT
TiUV;ZTJ§fgJYeL5e2Z\eeiEefgJYe2eEeT IJLK¥JYe fgJ B®¿Y«Yc3TJY\e2½¾EJ^\JYe2e]eT IJLKJYefgJ^fgJYeWLU¨ZªoETZ[EREe
\[BdjZ½gEJYe^[]v\JYe^eEeT IJLKJYe IV!gVXeJ&fæ[]¾maJYTe)¤"!3V!UlJYbVXTZ\[]RogUlZbREWYZbogVX\J!½¾EZK IJLREJ IVfgJYeZbRj¢hJLUlJLREWYJYe^JYeTbV
«Y¬g­`«Y²B®H¯°±?²j³5¤!JYeTJLUKJYefgJ§WY[ERgRgVXZ\eeiVBREWYJYe2e[]RjT fhJYWLUlZ\TeogVBUHJ&EZªV;Ze2fºVXTT`UlZbgETe ½gEZ[]RBT
UEhJ`¢hJLUlJLREWYJBc5[E
EZ\JLR IV&fºVBETiU¨JYeTJLUK¥JYe
fgJWY[]RgRgV;ZeeiVBREWYJYeLc[]EZ\JLR IVfgJYe2TagogJYe2fgJ^fg[]RgRhJYJYeJY¹ETJLUREJYeL¤#!3VeigEe[]K^oETZ\[]R
JLRjTiUlJ2fgJYeWLUlZboETZ\[]REefgJTJLUKJYe
JYeT e[EEyBJLRBT
ZbRjTJLUogUEhJYTghJYJ
WY[EK^KJæZbREWYªEeZ[ERJLREeJLKE\Z\eTJBc[ I\JYe
JLREeJLKE\JYe
WY[EREeZ\f·hJLUEhJYeoqJLEyBJLRBT¶WY[ERBTJLREZbU IVbVH[BZ\e¶fgJYe¶TJLUKJYefgJWY[]RgRgVXZ\ee`VBREWYJYe¶JYT¶fgJYe¶TJLUKJYe¶JY¹ETJLUREJYe ÞJLRBTZ\JLUYcXW G V$%bREJBc
JYTWB¤ºY¤¶ÐZJLR&½gEJ
bVeigEe[EK^oETZ\[]R&JLRjTiUlJTJLUKJYefgJ
WY[ERgRgVXZ\eeiVBREWYJYee[BZ\TEZ\JLR8f·hJ`¡REZ\J
f5VBREe\JLcgeiVUEhJLV;Z\eiV¢_
TZ[ERe`gUfgJYe
fg[]RgRhJYJYe JY¹ETJLUREJYe
fhJLogJLREf!f5bVBREd]VXdBJ G $[BTJ§ogEZ\e½gEJ\JYe
Tl¾oqJYe fgJfg[]RgRhJYJYe
JY¹]TJLUREJYeETZ\\ZeghJYe
f5VjREe\J§Le[]RjTd¶hJLRhJLUVX\JLKJLRjTZªKoEªVjRBTghJYef5VBREeWYJ2bVBREd]VXdBJB¤'&1R&WY[]REeghJY½¾EJLREWYJBcVBEWLgRL(!R)æJYeT VXWYTiEJY\\J`_
K¥JLRBTWLVjogVBE\J§fÂZªRjTghJYd]UlJLUfgJ^RE[]EyBJLVjE¹TagogJYefgJfg[]RgRhJYJYe^>JY¹¤ÃVXTiUlZ\WYJLHfgJTJY\\J2£V)*WY[ER½gEJ§\JLgUle
yXVX\JLgUle
ogEZ\eeJLRBT#$JYTiUlJWY[EUUlJYWYTJLKJLRjT
ZbK^oE\Z\½¾hJYJYef5VBREe
bV&eigEe[EK^oETZ\[]Rc3JYT)cJLR¼V)yXVXcf5VBREe
\JYeZbRj¢hJLUlJLREWYJYeL¤P£¶e+ºVXdjZT
f5vogUl[]E IJLKJTiUVXZ\T¾hJ2f5VBREeWYJUVBogog[]U¨TL¤,!ÊVe[BbETZ\[]RvogUl[]og[je¾hJYJWY[]REeZ\eTJ IV&WY[]REWYJYyB[BZbU2gR!eEeT IJLK¥J§fgJTlgogJYe
oq[B\¾K¥[]Uo G JWY[EgoEihJfºgR&W-$[jT¾hJVB)( £og[]gU\J2TagogVXdBJ
fgJYeTJLUK¥JYefgJWY[]RgRgV;ZeeiVBREWYJYeiYcqJYT fgJ
ºVBET`UlJW-$[BTghJ
Vj^bVBREd]V;dBJ G $[jTJ¥£og[]gUæZbK^og[EUlTiVXTZ\[]RWY[]RjTiU$[B`hJYJ fgJTl¾oqJYe·fgJ
fg[ERgR1hJYJYeJY¹]TJLUREJYeiY¤
.U/$VXWYJ IV2WYJeEeT IJLK¥JBcBfgJYe
JLREeJLK§E\JYe^fgJ&fg[]RgRhJYJYe§og[EgUUl[]RjT$JYTiUlJ^WY[]REeTiUEZ\TeJLRvbVBREd]VXdjJf5%L IVogVjUlTZbU2fgJyXVX\JLgUleJYT§[Eo1hJLUVXTJLgUle
fgJT[EETTl¾oqJ§fgJfg[]RgRhJYJYe ZbK^oq[]UlTghJf5bVBREd]VXdjJ G $[jTJ03ogEZ\e
WYJYe
JLREeJLKE\JYeJYT\JLgUle
y¢VX\JLgUleog[]gUUl[]RjT1$JYTiUlJ
WY[EUUlJYWYTJLKJLRjTJYT WY[]KoE IJYTJLKJLRjT ZbK^oE\Z\½g1hJYe
f5VBREe
\JYeogUl[EWYJYeeiEe
fgJ2y1hJLUlZ¡5WLVXTZ\[]RJYT fÂZªRjXhJLU¨JLREWYJ§f5L©ogVBU
fhJYihJYd]VXTZ[ER©VB%e]eT IJLKJ&fgJTl¾oqJYeL¤ÒJ¼UEhJYeiE\TiVXT2[]ETJLREd]U$V;WYJ VB%fhJYyBJY\[]ogogJLK¥JLRBT&f5%eEeT IJLK¥JfgJTlgogJYe
oqJLUKJYTfahJYyEZ\TJLU¶æZbREWY[]K^oE`hJYTiEfgJ fgJbV
eigEe[]K^oETZ\[]RZbR G hJLUlJLRjTJ IVOe[]RTiUVXZ\TJLKJLRjT1eigU fgJYe1fg[]RgRhJYJYe1JY¹ETJLUREJYe
fg[ERBTæZbK^oEihJLKJLRjTiVXTZ[ERµhJYT`VXZ\TmEe½g) IV^ogUEhJYeJLRjTgREJg[2$%\TJRE[BZbUlJB¤
3 ÌLYÉ24Ç©(p JLogU]hJYeJLRjTiVXTZ[ER&fgJYeWY[]RgRgVXZ\eeiVjREWYJYe ogVBU[]¾maJYTe)c¾nggEe[]K^oETZ\[]Rc F gogJYefgJ
fg[ERgR1hJYJYeLc65hJLUlZ¡5WLV)_
TZ[EREefgJTlgogJYeLcgnE[]Eel_ TlgogVXdBJ
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FHG J^fgJYyBJY\[]ogKJLRjT[X  RE[X\JYfgdBJ&UlJLogUlJYeJLRjTiVXTZ\[]R¦e]eTJLKeYei
VXZbKeV;T G JYªoEZbREd©oqJY[]oE\JZbRVjRVBogoE\Z\WLV)_
TZ[ERfg[EK^VXZbR!T[g[BT G []Uld]VjREZYJ^VBREfvfgJYeWLUlZbgJ&T G J  RE[X\JYfgdBJ&UlJYbVXTJYfT[&T G Z\efg[EK^VXZbR¤ FG Z\eUlJY½gEZªU¨JYeT G J
fgJYyjJY[EogKJLRBT[X1JY¹gogUlJYeeZ\yBJ^UlJLogU¨JYeJLRBT`VXTZ\[]RbVBREdEgVXdBJYeL¤HÑ
JYeWLUlZboETZ\[]R\[BdBZ\We]eTJLKe^B»eLcV;e[WLVX\\JYfTJLUa_
K¥ZªRE[j[jdBZ\WLVXªVjREd]gVXdBJYeLcÊ[]U "!$#%¦ VBKZ\\'&ºÐn)(*,+ÞVjUlJWY[jeJT[[]EmlJYWYTl_agVXeJYfbVBREd]gVXdBJYe)cgJYWLVjEeJT G JY
q[BT G VX\\[X []REJ2T[ZfgJLRjTZ¼VBREffgJYeWLU¨ZªqJ  RE[X\JYfgdBJVXed]Ul[]goEe VjREfZbREfgZ\y]Z\f5gVX\eL¤
-/.0- 132/46587:9<;>=8;?;5A@'=B;)9DCFE0=85A7?GIHJ48KL;NMO48MOH;P Q
FHG J ogUl[]E\JLK¸JÅVXfgf5U¨JYee1Z\eT[§ogU¨[¢yEZ\fgJÅV  RE[X\JYfgdBJ
UlJLogUlJYeJLRBTiV;TZ\[]ReEeTJLK Z\T G VjRJY¹]TJLREeZbEJ2WY[B\\JYWYTZ\[]R
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] Z\d]gU¨J¥Me G [XeT G J§fggRgVBKZ\W\ZbR  e
T G V;T JY¹EZ\eTÅqJYTl·JYJLRT G J  RE[X\JYfgdBJ^gVXeJ§VBREf!T G J1«Y_ TlgogJYeL¤ FG JYeJ
\ZbR  eÅVX\\[X¶«»_ Tl¾oqJ
ªV;TTZ\WYJYe T[¥qJ§gEZ\\TÅVjREfT[JYyB[B\yBJV;WYWY[]UlfgZbREdT[§T G J
JYyB[BbETZ\[]R[;T G J  RE[¢HJYfgdjJ§gVXeJBc
HZT G []ET VBRj U¨JYf5gREf5VBREWYJ[]UªV;W  [X¶ZªRj[]UKVXTZ\[]R¤
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 MeteoKRS
[7;7]+[11;+inf]
[-inf;0]+
[-6;1]+[3;14]
[-inf;0]+
[-inf;+inf]
[11;14]
[4;7]+[9;+inf]
Class C
att1 in string
att2 in int
att3 in C’
att4 list int
att2 except 4, 5, 6, 9, 10
card [1;3]
att4 among 11, 12, 13, 14 owner
type
Int list(int)
att1 domain "abc", "abca"
att2 interval [-6;14]
att2 except 1, 2, 3, 8
att3 among C1, C2
TR-ALL-( )-[0;+inf]
TR-ALL-( )-[1;3]
except 2
] Z\d]gU¨JM\  eioqJYWYZªV;ZrLVXTZ[ER&TiUlJYJ1[ERT G J·\J`T+0BTl[4«»_ Tl¾oqJªV;TTZ\WYJYe¶[]R2T G JUlZ\d G TL¤ FG Z\eoEZWYT`gUlJe G [Xe1g[BT G T G J
\ZbR  eT G VXTJY¹EZeTgJYTlJYJLR  RE[X\JYfgdBJJLRBTZTZJYeVBREf N%(%)!TJLUK¥e¥>f5V;e G JYf!T G Z\W  \ZbREJYeiYcVjREf¼T G J§ZbRjTJLURgVX
\ZbR  e qJYTaJYJLR N%(%)! TJLUKeT G VXTeT`VBREf%Þ[EUe`gg[]UlfgZbRgVXTZ[ER[X©«»_ TagogJYeT[![BT G JLUle>f5VXe G JYfT G ZbR\ZbREJYeiY¤
] []U
JY¹gVBK^oE\JBc¶ZbRvT G J&WLVXeJ&[X4«Y_ TlgogJYe[X)z{  Oz,]cÊT G J¡UleT
¡5JY\f[XT G J «»_ TlgogJ^egRjTiVX¹!Z\eVBR!JY¹goE\ZWYZ\T
U¨J`ÞJLUlJLREWYJT[XVjUlfgeÅVjRJY¹EZ\eTZbREd «»_ TagogJB¤^ngEW G VUlJ`ÞJLU¨JLREWYJ¼> G Z\W G Z\eWLVX\\JYfeigg[EUlfgZbRgVXTZ\[]Rg
Z\e2 UlZ\TTJLR 7(8
[ER&T G JoEZ\WYTigUlJB¤

	   YÌ ¼Ì  	?/ ~Ç]`ËÇ]Ç « Él`ÈÇ¾ 3Í  ÌgË4 ÇgÍ ÇYÇg2Í3ÇgLj ÊbÌ  
ÑEJHT[T G JTl¾oEZbREd[X3T G J G [B\J  RE[X\JYfgdBJgVXeJBcBJLVXW G RE[X\JYfgdBJTJLUK+Z\e V;ee[EWYZªV;TJYf^Z\T G V1«Y_ TlgogJB¤ FG J
eJYTl_agVXeJYf[]ogJLUV;TZ\[]REeÅVjogoEEZbREdT[ «»_ Tl¾oqJYeÅVjUlJJY½gEZ\y¢VX\JLRjT
T[^T G J2eJYTl_agVXeJYf[]ogJLUVXTZ\[]REe[X1T G J§2 G Z\W G
VjUlJ·EeJYfT[ G VjREfgJ
K^VXZbRUlJYbVXTZ\[]REe G ZªoEeqJYTaJYJLR  RE[¢HJYfgdjJJLRBTZTZJYe)¤Ò[]REeJY½gEJLRBT\BcjJLVXW G []oqJLUVXTZ\[]R¥ G Z\W G
KVBREZbogEªV;TJYf  RE[X\JYfgdBJ2TJLUKfgJYeWLU¨ZªoETZ[EREe
Ze
RE[X VXee[]WYZbVXTJYfHZT G VeJLKVBRBTZWLV;\JY½¾EZ\y¢V;JLRjT
[]oqJLUVXTZ\[]R
ZbR N%( %)!%T G VXT K^VBREZbogEbVXTJYe©«»_ TlgogJYeL¤ ] []UJY¹¾VBKoEJBcJ«»_ eigj_ TlgoEZbREd qJYTaJYJLRUlJYWY[]Ulf «Y_ TlgogJYeZ\e JY½gEZ\y¢VX\JLRjT
T[^eiogJYWYZbVX\ZrLVXTZ\[]R%gJYTlJYJLRWYbVXeefgJYeWLUlZboETZ\[]REeL¤
P R[BT G JLU[]Ulfge)cgT G J!$mRE[X fgJY\JYd]V;TJYe T[ N%(%)! V;
Z\TeHZªRjTJLREeZ\[]RgV;[]oqJLUVXTZ\[]REe)cgT G VXTZ\e [EogJLUVXTZ[EREe VBogoE\]ZbREdT[  RE[X\JYfgdBJTJLUKfgJYeWLUlZboETZ\[]REeL¤
nEZbREWYJ «»_ Tl¾oqJYeVBUlJRE[]UK^V;1[]UK¥eLc¶[]oqJLUVXTZ\[]REeVjogoEEZbREd©T[«»_ TlgogJYeUV;T G JLUT G VBRvT[  RE[X\JYfgdBJTJLUK
fgJYeWLUlZboETZ\[]REeVBUlJ!K[]UlJJWWYZ\JLRBTL¤+PSREfgJYJYf3c T G J¼RE[]UKVX\ZLV;TZ\[]R ZeoqJLUS[]UKJYf []RE\ []REWYJVBREf T G JegRjTiVX¹
[; L!n%!Z\e^K[]UlJ^[EoETZbK^VX1T G VBR!T G J&egRBTiV;¹[XT G J  RE[X\JYfgdBJUlJLogUlJYeJLRBTiV;TZ\[]R!bVBREd]gVXdjJ G Z\W G KEeTgJ
JY¹gogUlJYeeZyjJBcgT G JLUlJ`[]UlJoqJLUKZ\eeZ\yBJB¤
nEZbREWYJ N%(%)!¸WLVBUU¨ZJYe[EETT G J!ZbRjTJLREeZ\[]RgVX
[]oqJLUVXTZ\[]REe[;T G JBcHZ\TVX\e[ZbRBTJLUaÞJLUlJYeHZT G V;T G J
ogU¨[]WYJYeeJYe[X
T G J G Z\W G fgJLV;Z\T G JLRjTZ\Tl©fgJYeWLUlZboETZ\[]REeL¤ &1UUl[]U G VBREfg\ZbREd5cHJY¹¾oEbVBRgVXTZ[ERc  RE[X\JYfgdBJ
gV;eJKJLUldjZªREdc  RE[¢HJYfgdjJ gVXeJ^WY[]K^ogVBU¨Ze[]REeLcKVBRgVXdBJLKJLRjT[;·T G J  RE[X\JYfgdBJgVXeJ^fggRgVBKZ\W&JYyB[BbETZ\[]Rc
WLV;TJYdB[]UlZrLVXTZ[ERc5VBREfWY[EREeTiUVXZbRjT K^VBRgV;dBJLKJLRjTLc5VBUlJV;JY¹gVBK^oE\JYe [;·ogUl[]WYJYeeJYe  G ZW G e[]KJ G [X G V)yBJT[gJ
WY[ERgREJYWYTJYfT[ N%(%)!VBREf G Z\W G TiV  JVXfgy¢VjRBTiV;dBJ [;Z\Te
ogUl[]oqJLUlTZ\JYeL¤
] Z\d]gU¨Jb§e G [¢He1 G JLUlJ
fg[EJYe N%(%)!TiV  JÅoEbVXWYJBcVXeV§gU¨ZfgdjJgJYTlJYJLR^T G J G [jeT1bVBREd]gV;dBJ> G JLUlJf5VXTiV
eTiUEWYTigUlJYe&VBUlJVXWYTigVX\\ZbK^oE\JLKJLRBTJYf5VBREfT G J  RE[¢HJYfgdjJ¼UlJLogUlJYeJLRBTiV;TZ\[]R%eEeTJLK > G [BeJJLRjTZ\TZ\JYe VBU¨J
TlgogJYf
T[XVBUlfgeJ«»_ Tl¾oqJYe3 G Z\W G VBUlJ1KVBREZbogEªV;TJYf^B
UlJYbVXTZ\[]REeJY½¾EZ\yXVX\JLRBT¶T[eioqJYWYZbVX\ZLV;TZ\[]R^VBREfVXTTiVXW G KJLRBT`Y¤
l.  FH;=BME 8Ejh0EHJ4 7?G  ! ! 
Î REJK^V;ZªR2ZbRjTJLUlJYeT[X N%(%)!Z\eZTe¶JY¹]TJLREeZªEZ\\Z\Tl^WLVBogVXWYZ\Tl
T G VXTZ\e¶ZªREfgJLoqJLREfgJLRBT[X5T G JZ\T¶Z\eZbRjTJLREfgJYf^T[
qJfgJYfgZ\WLVXTJYfT[5¤ FG Z\eeJYWYTZ\[]RV;fgf5UlJYeeJYeT G J
V) N%(%)!  E\fgJLVX\e HZT G TagogJ
WY[j\JYWYTZ\[]RJY¹ETJLREeZbEZ\\ZTlBc
V;eVREJY T[E[B[]UT G J
fgJYyBJY\[]ogK¥JLRBT[X  RE[X\JYfgdBJ§UlJLogU¨JYeJLRBT`VXTZ\[]RVBogoE\Z\WLVXTZ\[]REeL¤
  
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] Z\d]gU¨Jb\Ò[ERgREJYWYTZ\[]R[; N%(%)! T[T G J  RE[X\JYfgdBJU¨JLogUlJYeJLRjTiVXTZ\[]R!e]eTJLK(VBREfT[T G J G [BeT2bVBREd]gVXdBJB¤
N%(%)!8dBJYTeT G JZªKoEJLK¥JLRBTiV;TZ\[]R[XÒ_ TlgogJYe Ul[]K T G J G [jeT¶bVBREd]gVXdBJogVjUlT  [X5JLVXW G f5V;TiVTlgogJLYcBVjREfT G J
ZbK^oE\JLKJLRjTiVXTZ[ER^[XJ«»_ TagogJYeZ\e1fgJ`¡REJYf>[]UÊZªR G JLU¨ZTJYf5B2JLVXW G Ò_ Tl¾oqJ§ogVBU¨T«a»¤«»_ TlgogJYe1WLVjoETigUlJT G JTlgogJYe
[;  RE[X\JYfgdBJ^TJLUKeL¤ Î ogJLUV;TZ\[]REe[]RyXVXbEJYe[XÒ_ Tl¾oqJYeK^V)¼gJ^EeJYf%BT G J  RE[¢HJYfgdjJ¥U¨JLogUlJYeJLRjTiVXTZ\[]R
e]eTJLK+T G Ul[EEd G \[]WLV;ZbRjJLUlJLREWYJ§K¥JYW G VBREZ\eiK¥eL¤¶ÃVXZbRU¨JYªV;TZ\[]REeVBK[]REd2[]EmlJYWYTeÅ>e`ogJYWYZbVX\ZrLVXTZ\[]RVjREf VXTTiVXW G _
K¥JLRBTiHVBUlJ
fgJY\JYd]VXTJYf!T[T G JTlgogJe]eTJLK  G Z\W G ZbK^oE\JLKJLRjTe
T G JLK-VXe5_ e`gj_ TagoEZbREdVBREf!KJLKgJLUle G Zbo![ER
Ò·_ TagogJ
yXVXbEJYeÅVjREf «»_ Tl¾oqJYeL¤
  
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ÑEJ2T[^T G JÒ·_ TagogJ G Z\JLUVBUlW G Bc N%(%)!%Z\eg[BT G V&og[jgK[]Uo G ZW^VBREf!VJY¹ETJLREeZbE\J^Tl¾oqJeEeTJLK¤  fgfgZªREdV
Ò·_ TagogJ
K^V)qJVXW G Z\JYyBJYffggRgVBKZ\WLVX\\jT G J
EeJLUY¤ ] ZªU¨eTLcET G J
EeJLUKEeT1eJYJYWYTV^Ò_ eigoqJLUS_ Tl¾oqJB¤1nEJYWY[]REf3c
G JKEeTHfgJYWYªVjUlJ\ZbR  eT[XVBUlfgeUlJY½gEZbUlJYf[]oqJLUVXTZ\[]REeHT G VXT VBU¨J ZbK^oE\JLKJLRjTJYf!ZbRT G J G [BeTbVBREd]gVXdBJB¤'!JYT Ee
U¨JYWLVX\¶T G VXT
T G JYeJ[]ogJLUV;TZ\[]REe§VBU¨J¥KVXZbREvT G J^KJLKgJLUle G Zbo%VBREfJY½ggVX\Z\TaogUlJYfgZ\WLVXTJYeLc¶oEªEe^oq[BeeZbE\e[]K¥J
e`ogJYWYZ¡5W[]oqJLUVXTZ\[]REeT G VXT^UlJLogUlJYeJLRjTogUl[EogJLUlTZ\JYeU¨JY½¾EZbUlJYfµB%T G JÒ_ eigoqJLUS_ Tl¾oqJB¤ Î REWYJT G JogUlJYyEZ[EEeTl[
eTJLoEe G V)yBJgJYJLR V;W G Z\JYyBJYf3cT G JREJY-Ò_ Tl¾oqJZe E\ VBREfZbK^K¥JYfgZªV;T\ZªRjTJYd]UVXTJYfZbRBT[ N%(%)!1cVXeVBRj
[jT G JLU
ogUlJYfgJ`¡REJYf Ò_ TlgogJB¤ FHG J£gREWYTZ[ER©EeJYf%T[\ZbR  V G [jeTbVBREd]gV;dBJ^f5VXTiV&TlgogJ^T[ N%( %)! ZeRgVBKJYf
" }X|v}~X¤ ] []U JY¹¾VjK^oE\JBc5VXfgfgZbREd^T G J
Ò_ Tl¾oqJv}XgcgVXeV?z{("  Ò_ TlgogJBcEZ\e ogJLUS[]UK¥JYf j^JY¹EJYWLETZbREd
T G JÞ[B\\[XZbREdWY[EfgJ\
 "  }X? |v}~X "v}?  ?z{(") 
 &}C  "~}X
O-Ç
   v}? 
~v)    v}?
{& "/"C  v~} 
     "|v~}  
 G JLUlJT G J½¾E[BTJYfegKg[B\e1VBUlJRgVBKJYe¶[Xg gREWYTZ\[]REe¶ZbK^oE\JLKJLRjTJYf&ZªR2T G J G [BeTbVBREd]gV;dBJB¤ FG J·EeJLU¶KEeT
fgJ`¡REJ
T G J~v O gREWYTZ\[]R&[]R~}X
yXVXbEJYe gJYWLVBEeJ
ZTZ\eUlJY½gEZªU¨JYfBT G JdBZ\yBJLR&Ò_ eigogJLUa_ TagogJ)|%~v) ¤
nEZbKZ\bVBUl\BcÊ gREWYTZ\[]REe5 )VjREfN{ & "/"VBU¨J¥U¨JY½¾EZbUlJYf©j!T G J^Ò_ eigoqJLUS_ Tl¾oqJ<zX{(" ?g¤ÅPSREfgJYJYf3cT G JYeJT G UlJYJ
 gREWYTZ\[]REeVjUlJ KVBREf5VXT[]U¨[]UOT G JY V;\[X «»_ TagogJYeT[¼qJ&£E\\Bc·VjREfZªRVjR[]oETZªKVXV)Bc¶UlJLogUlJYeJLRBTJYf j
K¥JLVBREe[X\Z\eTe[XWY\[BeJYfE_aq[]gREfZbRjTJLUly¢V;e)¤·PSRVXfgfgZ\TZ\[]Rc5T G JÅEeJLUHK^V)^fgJ`¡REJVBRj[BT G JLU¶ gREWYTZ\[]RVBogoE\EZbREd
T[ v}Xy¢VXbEJYeT G VXT[]E\fqJ§EeJYfZªR8T G J  RE[¢HJYfgdjJ§gVXeJB¤
FHG J[]UKVXTJYfZbK^oE\JLKJLRjTiVXTZ\[]Rµ[;T G J¼Ò_ TlgogJv}?¼Z\eT G JLR dBJLREJLUVXTJYf j N%(%)!+j eJYTTZbREd go
fggRgVBKZ\W\ZbR  egJYTlJYJLRN%(%)!ogUlJYfgJ`¡REJYf%K[]f5E\JYeVBREf!T G J§VXWYT`gVXZbK^oE\JLKJLRjTiVXTZ[ER[;1T G Jf5VXTiVTagogJB¤
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C -> G
G -> C
T -> A
A -> U
...ATCGTCAGTATTGAACCGATAAAACGTTGAGGTTACATAG...
GAG (termination codon)TCA
GTATTGAACCGATAAAACGTT
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CAU  AAC  UUG  GCU  AUU  UUG  CAA
M(amino-acid)
K P M F Q M Y
DNA
DNA coding sequence
messenger RNA
protein sequence
protein Lactose
(initiation codon)
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